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(54) Method and apparatus for analyzing blood samples 



(57) Centrifuged anticoagulated blood samples are 
analyzed under magnification in a centrifuge tube con- 
taining a layer-elongating insert, which tube is placed on 
a calibrated slide. The slide includes a slot in which the 
tube is placed. A calibrated scale is disposed adjacent 
to the slot for use in measuring various blood sample 
parameters, such as hematocrit, platelet count, and the 
like. Anemia and/or low platelet counts are indicative of 
potentially serious complications of malaria. Their 
detection will prompt a physician to consider the likJi- 
hood of serious illness due to malaria. The presence or 



absence of blood-borne parasites can also be deter- 
mined using the procedures of this invention. Thus the 
device allows a blood sample to be analyzed for malaria 
parasites, and also allows measurement of hematicrit 
and platelet counts. The scale can be presented in a 
normal image when a simple lens magnification, such 
as a magnifying glass, is used to view the tube and 
slide; and can also be presented in mirror image when 
compound lens magnification, such as a microscope, is 
used to view the tube and slide. 
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Description 

Technical Field 

This invention relates to the analysis of centrifuged 
anticoagulated blood samples which are contained in a 
centrifuge tube having a blood constituent-elongating 
insert therein. More particularly, this invention relates to 
a calibrated slide for holding the tube, which slide 
includes calibration scales that are used to quantify cer- 
tain blood sample parameters when the blood sample in 
the tube is viewed under magnification on the slide. 

Background Art 

U.S. Patent No. 4,027,660 granted to Stephen C. 
Wardlaw et al describes a method and paraphernalia for 
use in measuring differential white cell and platelet 
counts in a centrifuged sample of anticoagulated whole 
blood. The procedure described in this patent suggests 
that a scale be used to measure the length of physically 
expanded white cell and platelet layers, and that a table 
be used to convert the measured layer lengths to defin- 
itive blood cell and platelet layer counts. U.S. Patents 
Nos. 4,156.570 and 4,558.947 granted to Stephen C. 
Wardlaw disclose instruments which are used to meas- 
ure cell and platelet counts in centrifugal blood samples 
contained in the aforesaid tube-insert paraphernalia, 
which instruments include microprocessor controllers 
that are programmed to automatically convert meas- 
ured cell and platelet layer band lengths into cell and 
platelet counts. U.S. Patents Nos. 4,259,012 granted to 
Stephen C. Wardlaw, and 5,132,087 granted to Kristen 
L. Manion et al describe devices for measuring white 
cell, platelet and hematocrit counts, which devices do 
not require conversion tables or microprocessor control- 
lers. U.S. Patent No. 4,209.226 granted to Stephen C. 
Wardlaw et al describes an optical Viewing instrument 
which includes a capillary tube and a holder which 
includes a slot for containing the capillary tube. U.S. 
Patent No. 4,190,328 granted to Robert A. Levine et al 
describes a process for the detection of blood-borne 
parasites wherein a centrifuge tube with an insert are 
used to trap blood-borne parasites between the tube 
and the insert so that the parasites will be visible under 
magnification through the tube. 

The aforesaid group of patents all relate to inven- 
tions which utilize a tube and insert combination to 
either measure blood sample parameters quantitatively; 
or detect the presence or absence of blood-borne para- 
sites, such as malaria microfilaria, or the like. In the lat- 
ter case, the blood samples in the tubes are examined 
under magnification, typically with an epi-illuminating 
UV or fluorescence microscope such as described in 
US Patents Nos. 5.198.927, granted March 30. 1993 to 
R. R. Rathbone et al; and 5,349,468, granted Septem- 
ber 20, 1994 to R. R. Rathbone et al. When the centri- 
fuged blood sample is being analyzed for parasites, 
there is currently no way to simultaneously measure 



other blood parameters such as hematocrit, platelet 
counts, hemoglobin, or the like. The reason for this fact 
is that the microscope used to view the tubes is not 
equipped to make any of the other blood parameter 

5 measurements. Likewise, the equipment used to meas- 
ure the blood sample parameters such as hematocrit 
and/or platelet counts cannot presently be used to 
detect blood parasites. The reason for this fact is that 
the instruments which analyze the blood sample in the 

10 tubes either spin the tubes so that one cannot detect 
parasites, or they use photo sensors to analyze the 
blood cell layers, which photo sensors are not equipped 
to detect parasites. It would be desirable to have blood 
analyzing equipment which is capable of both detecting 

is blood parasites and measuring other blood sample 
parameters from the same sample of centrifuged blood 
contained in the tube-insert combination. Since both 
anemia and decreased platelet counts are frequently 
indicators of possible complications of malaria infection, 

20 detection of either of these conditions will prompt the 
physician to look more aggressively for the presence of 
malaria. It would be highly desirable to have a method 
and device for both detecting malaria infection and 
measuring hematocrit and platelet count. 

25 

Disclosure of the Invention 

This invention relates to a blood sample tube and a 
holder therefor, which can be used with a microscope of 

30 the type described above to detect blood-borne para- 
sites, and either a microscope as described above or a 
simple magnifying glass to measure various blood sam- 
ple parameters. The tube holder is preferably a trans- 
parent slide which is provided with a slot in which the 

35 blood sample tube is placed. The slide is also provided 
with blood parameter measurement scales which allow 
the visual quantification of the hematocrit, and the plate- 
let count in the centrifuged blood sample. At the same 
time, the blood sample can be visually analyzed for the 

40 presence or absence of blood-borne parasites. The 
blood sampling tube is provided with a visible target 
blood sample fill line, and the slide is provided with a 
correction scale which can be used to correct apparent 
hematocrit and platelet readings to reflect the extent to 

45 which the blood sampling tube has actually been filled. 
The scale indicia are preferably displayed on the tube- 
holding slide in normal image print, and also in mirror 
image print. The mirror image print can be read through 
a microscope, and the normal image print can be read 

so with a magnifying glass, or without magnification. 

It is therefore an object of this invention to provide a 
blood sampling tube and support slide assembly which 
can be used with a microscope to visually quantify cer- 
tain blood constituent parameters. 

55 ft is a further object of this invention to provide an 
assembly of the character described which can be used 
to visually quantify hematocrit and platelet parameters 
in a centrifuged blood sample which is being examined 
for the presence or absence of blood-borne parasites. 
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II is another object of this invention to provide an 
assembly of the character described wherein the sup- 
port slide is provided with visible indicia for quantifying 
the hematocrit and platelet constituents of the centri- 
fuged blood sample. 

These and other objects and advantages of the 
invention will become more readily apparent from the 
following detailed description of the invention when 
taken in conjunction with the accompanying drawings, 
in which: 

Brief Description of the Drawings 

FIG. 1 is an exploded perspective view of a blood 
sampling tube and tube support assembly which is 
formed in accordance with this invention; 

FIG. 2 is a fragmented plan view of the tube and 
support assembly of this invention showing the 
blood constituent parameter-measuring indicia on 
the support; 

FIG. 3 is an enlarged plan view of detail 3 shown in 
FIG. 2; and 

FIG. 4 is an enlarged plan view of detail 4 shown in 
FIG. 2. 

Best Mode For Carrying Out The Invention 

Referring now to FIG. 1, there is shown a blood 
sampling tube assemblage denoted generally by the 
numeral 2, and a tube support slide denoted generally 
by the numeral 3. The tube assemblage 2 includes a 
blood sampling tube 4, which may be a capillary tube, or 
a larger pre-evacuated blood-drawing tube of the type 
marketed by Becton Dickinson and Company under the 
trademark VACUTAINER®. When a capillary tube is 
used, one end of the tube 4 may be closed by a plastic 
cap 6. The tube 4 contains an elongated, generally 
cylindrical insert 8 which serves to force any blood- 
borne parasites outwardly toward the tube bore wall, so 
that the parasites can be seen under magnification in 
the blood sample. The tube 4 and insert 8 combination 
is formed as described in the patents identified first 
above. The tube 4 will also contain a fluorescent stain 
that serves to highlight any parasites in the blood sam- 
ple, and also serves to highlight the platelet layer in the 
blood sample. Other reagents, such as potassium 
oxalate, will also be located in the sampling tube 4. The 
tube support slide 3 includes a slot 10 formed in its 
upper surface 12, which slot 10 is sized to snugly hold 
the tube 4. 

Opposite sides of the slot 10 have blood constituent 
parameter scales as shown in FIG. 2. When the antico- 
agulated whole blood sample is centrifuged in the tube 
4, it will gravimetrically separate into several layers 
which include a red cell layer 14. a white cell layer 16, a 
platelet layer 18 and a plasma layer 20. The tube 4 is 



provided with an optimum blood sample fill line 22. 
When the tube 4 has the optimum amount of blood in it, 
the upper end 21 of the plasma layer 20 will coincide 
with the fill line 22 on the tube 4. In the example shown 

s in FIG. 2, the amount of blood in the tube 4 is slightly 
less than optimum. 

The tube holder slide 3 is provided with an hemat- 
ocrit scale 24 which is used to determine the hematocrit 
value of the centrifuged blood sample. A "zero" refer- 

10 ence line 26 is disposed at one end of the hematocrit 
scale 24, and the lower end 28 of the red cell layer 14 is 
aligned with the "zero" line 26 on the slide 3 when the 
blood sample is analyzed. The hematocrit scale 24 
includes two sets of numerical indicia, one set 30 of 

is which is displayed in normal print, and the other set 32 
of which is displayed in mirror print. The normal print 
numerals 30 and their intermediate gradation lines 34 
are relatively large and are intended for visualization by 
the naked eye, or with a relatively low power magnifying 

20 glass. The space between each gradation line 34 is 
divided into quarters by spaced dots 36. 

The mirror image numerals 32 are disposed closely 
adjacent to the slot 1 0 in which the tube 4 is positioned, 
and are intended for use with a compound lens viewing 

25 device, such as a microscope. It is appreciated that 
when viewed with such an instrument, the numerals 32 
will be reverted so as to be readily legible. As seen in 
FIG. 3, each of the scale lines 34 and intermediate dots 
36 are associated with respective lines 38 and 40 which 

30 extend to the edge of the slot 10. The hematocrit read- 
ing can thus be determined to within a fraction of one 
percent of the blood sample. For example, the upper 
end 15 of the centrifuged red cell layer 14, as shown in 
FIG. 3. indicates an hematocrit of 29.25 for the blood 

35 sample in the tube 4. It will be noted that the hematocrit 
scale 24 disposed on the slide 3 is adjusted to account 
for the presence of the insert 8 in the tube 4, and for the 
fact that the insert 8 will extend into the red cell layer 14; 
and will also account for any shrinkage of the red blood 

40 cells which may be caused by reagents in the tube 4. 

The tube holder slide 3 is also provided with a plu- 
rality of platelet count scales 42, each of which is frac- 
tionally subdivided as is most clearly shown in FIG. 4. 
The platelet count scales 42 are divided into equal seg- 

45 merits of 50 units extending from 0 to 1,000. It will be 
noted that there are sets of platelet scales which alter- 
nate with each other, so that one scale will be proximal 
to the slot 10. while the next scale will be distal of the 
slot 10. Thus the scales 42 alternate, i.e., proximal, dis- 

50 tal, proximal, distal, and so forth along the slide 3. The 
alternating platelet count scales 42 extend along the 
slide 3 for approximately the same extent as the hemat- 
ocrit scale 24. The reason for this arrangement is due to 
the fact that the hematocrit can range from a value of 

55 about 8 to a value of above 65. Since the platelet layer 
18 will be spaced apart from the upper end 1 5 of the red 
cell layer 14, it will be appreciated that the platelet layer 
18 can gravitate to any of a number of different locations 
in the tube 4 after centrifugation of the blood sample. By 
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including a plurality of platelet count scales 42, one 
need only move the tube 4 axially for a short distance, 
after determining the hematocrit value, to align the zero 
line on one of the platelet count scales 42 with the lower 
end 17 of the platelet layer 18 in the blood sample, as 5 
shown in FIG. 4. 

As shown in FIG. 4, each 50 unit segment in each 
platelet scale 42 includes a respective reference line 44 
that extends to the edge of the slot 10 so that accurate 
platelet count readings can be made with the assembly. 10 
It will be noted that the platelet count of the centrifuged 
blood sample shown in FIG. 4 is about 830 x 10 3 /mm 3 . 
The normal and mirror image printing techniques 
described above relative to the hematocrit scale are 
also used on the platelet scales 42, as can be seen in 15 
FIGS. 2 and 4. 

The slide 3 also includes a blood sample fill correc- 
tion factor scale 46 (see FIG. 2) which is used to correct 
the hematocrit and platelet readings to reflect the affect 
of the total fill level of the blood sample in the tube 4. 20 
The correction factor scale 46 is positioned on the slide 
1 2 so that the "1 .0" line 48 on the scale 46 will align with 
the optimum fill line 22 on the tube 4 when the "zero" 
line 26 is aligned with the lower end 28 of the centri- 
fuged red cell layer 14. and when the tube 4 has been 2s 
filled to the optimum level. It will be noted in the example 
illustrated in FIG. 2 that the sample fill level 21 is less 
than the optimum fill line 22, and that the sample fill level 
21 is aligned with the "1 .05' line on the correction factor 
scale 46. Thus the hematocrit and platelet readings will 30 
be corrected by multiplying by 1 .05. 

The assembly of this invention is simple to use. A 
technician or physician fills the tube 4 with the blood 
sample, closes the cap 6. and centrifuges the blood 
sample. The centrifuged sample is then placed in the 35 
slot 10 on the tube support slide 3 with the "zero" 
marker 26 aligned with the lower end 28 of the red cell 
layer 14. The sample is examined under magnification 
to determine the presence or absence of blood-borne 
parasites in the area of the insert 8; the hematocrit read- 40 
ing is made; and the tube 4 is then shifted axially to 
whatever extent is necessary to align a zero line on one 
of the platelet scales 42 with the lower end 17 of the 
platelet layer 18, as shown in FIG. 4, and a platelet 
count is determined. The volume correction factor is 45 
then read and applied. After examining the sample for 
parasite infesting under higher magnification, the objec- 
tive lens on the microscope is rotated to produce a lower 
degree of magnification, on the order of about 2x to 
100x, to facilitate reading of the hematocrit and platelet so 
counts. 

It will be readily appreciated that the assembly of 
this invention allows one to visually examine a centri- 
fuged blood sample for the presence or absence of 
blood-borne parasites, and to measure both hematocrit, 55 
and a platelet count in a single sample of centrifuged 
anticoagulated whole blood. The sampling tube will con- 
tain a fluorescent stain such as acridine orange which 
highlights blood-borne parasites, and which also differ- 



entially colors the platelet layer in the blood sample. The 
assembly can be used with little or no magnification, or 
can also be used with an appropriately configured 
microscope to perform the P/A parasite examination, 
and also to determine the blood constituent parameters. 

Since many changes and variations of the dis- 
closed embodiment of the invention may be made with- 
out departing from the inventive concept, it is not 
intended to limit the invention otherwise than as 
required by the appended claims. 

Claims 

1 . A slide for holding a centrifuged sample of antico- 
agulated whole blood contained in a sampling tube, 
said slide including: 

a) a slot for holding the sampling tube; 

a) first numerical indicia on the slide adjacent 
said slot for providing a zero reference baseline 
on the slide adjacent to one end thereof, said 
zero reference baseline being positioned on 
the slide so that one end of a centrifuged red 
cell pack contained in a sampling tube placed 
in the slide slot can be aligned with said zero 
reference baseline; 

b) second numerical indica on the slide adja- 
cent to said slot for providing an hematocrit 
scale, said hematocrit scale extending from 
said zero reference baseline and including ref- 
erence lines extending to an edge of said slot 
for measuring hematocrit in the centrifuged 
blood sample in the tube when placed in said 
slot to an accuracy of at least one percent; 

c) third numerical indicia on the slide for provid- 
ing at least one platelet count scale adjacent to 
said slot, and on a side of the slot opposite said 
hematocrit scale, said platelet count scale 
being operable to measure platelet counts in a 
centrifuged blood sample in the tube when 
placed in said slot to an accuracy of at least five 
percent; and 

d) fourth numerical indicia on the slide for pro- 
viding a volume correction factor scale adja- 
cent to said slot, said correction factor scale 
including multiplication factor reference lines 
extending to an edge of said slot for alignment 
with an optimum fill line on a centrifuged Wood 
sample tube placed in the slot, and for concur- 
rent alignment with an actual blood sample fill 
miniscus in the tube, said multiplication factor 
reference lines being spaced apart from said 
zero reference baseline so as to provide cor- 
rection factors which are operable to correct 
hematocrit readings and platelet count read- 
ings so as to correlate such readings with the 
actual amount of blood sample in the sample 
tube. 
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The slide of Claim 1, wherein each of said numeri- 
cal indicia is presented in mirror image on the slide. 

The slide of Claim 2. (wherein each of said numeri- 
cal indicia is present m both conventional and mirror 
images on the slide. 

The slide of Claim 3 wherein said mirror image 
numerical indicia are located closer to said slot than 
said conventional image numerical indicia. 

The slide of any one of claims 1 to 4. wherein said 
third numerical indicia includes adjacent sequen- 
tially repetitive platelet count scales. 

The slide of Claim 5. wherein each of said third 
numerical indicia in said repetitive platelet count 
scales is presented in both conventional and mirror 
images on the slide. 

The slide of Claim 6. wherein said sequentially 
repetitive platelet count scales include sets of mir- 
ror image numerals positioned closely adjacent to 
said slot and sets of conventional image numerals 
positioned further away from said slot 

The slide of any one of claims 5 to 7, wherein each 
of said sequentially repetitive platelet count scales 
share a common end line with an adjacent platelet 
count scale. 

An assembly for detecting blood borne parasites 
and measuring centrifuged blood sample parame- 
ters in a sample of centrifuged anticoagulated 
whole blood, said assembly including; 

a) a transparent sample tube for containing a 
sample of centriluged anticoagulated whole 
blood, said sampling tube having an optimum 
sample fill level-indicating indicium, said sam- 
ple tube containing a generally cylindrical plas- 
tic insert having a specific gravity which will 
cause it to settle into a packed erythrocyte layer 
in the centrifuged blood sample to force any 
blood borne parasites in the sample toward a 
wall of the sample tube and to elongate white 
cell constituents in the centrifuged blood sam- 
ple; and 

b) a slide for holding the sample tube, said slide 
including: 

i) a slot for containing the sample tube; 

ii) first numerical indicia on the slide adja- 
cent said slot for providing a zero reference 
baseline on the slide adjacent to one end 
thereof, said zero reference baseline being 
positioned on the slide so that one end of a 
centrifuged red cell pack contained in the 
sample tube can be aligned with said zero 



reference baseline; 

iii) second numerical indica on the slide 
adjacent to said slot for providing an hema- 
tocrit scale, said hematocrit scale extend- 
ing from said zero reference baseline and 
including reference lines extending to an 
edge of said slot for measuring hematocrit 
in a centrifuged blood sample in the sam- 
ple tube to an accuracy of at least one per- 
cent; 

iv) third numerical indicia on the slide for 
providing at least one platelet count scale 
adjacent to said slot, and on a side of the 
slot opposite said hematocrit scale, said 
platelet count scale being operable to 
measure platelet counts in a centrifuged 
blood sample in the sample tube to an 
accuracy of at least five percent; and 

v) fourth numerical indicia on the slide for 
providing a volume correction factor scale 
adjacent to said slot, said correction factor 
scale including multiplication factor refer- 
ence lines extending to an edge of said slot 
for alignment with the optimum fill level- 
indicating indicium on sampling tube when 
the latter is placed in the slot, and for con- 
current alignment with an actual blood 
sample fill miniscus in the tube, said multi- 
plication factor reference lines being 
spaced apart from said zero reference 
baseline so as to provide a correction fac- 
tor which is operable to correct hematocrit 
readings and platelet count readings so as 
to correlate such readings with the actual 
amount of blood sample in the sample 
tube. 

10. The assembly of Claim 9, wherein each of said 
numerical indicia is presented in mirror image on 
the slide. 

11. The assembly of Claim 10, wherein each of said 
numerical indicia is present in both conventional 
and mirror images on the slide. 

12. The assembly of Claim 11 wherein said mirror 
image numerical indicia are located closer to said 
slot than said conventional image numerical indicia. 

1 3. The assembly of any one of claims 9 to 1 2, wherein 
said third numerical indicia includes adjacent 
sequentially repetitive platelet count scales 

14. The assembly of Claim 13. wherein each of said 
third numerical indicia in said repetitive platelet 
count scales is presented in both conventional and 
mirror images on the slide. 

15. The assembly of Claim 14, wherein said sequen- 
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tially repetitive platelet count scales include sets of 
mirror image numerals positioned closely adjacent 
to said slot and sets of conventional image numer- 
als positioned further away from said slot. 

16. The assembly of any one of claims 13 to 15, 
wherein each of said sequentially repetitive platelet 
count scales share a common end line with an adja- 
cent platelet count scale. 
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(54) Method and apparatus for analyzing blood samples 



(57) Centrifuged anticoagulated blood samples are 
analyzed under magnification in a centrifuge tube con- 
taining a layer-elongating insert, which tube is placed on 
a calibrated slide. The slide includes a slot in which the 
tube is placed. A calibrated scale is disposed adjacent 
to the slot for use in measuring various blood sample 
parameters, such as hematocrit, platelet count, and the 
like. Anemia and/or low platelet counts are indicative of 
potentially serious complications of malaria. Their 
detection will prompt a physician to consider the liWi- 
hood of serious illness due to malaria. The presence or 



absence of blood-borne parasites can also be deter- 
mined using the procedures of this invention. Thus the 
device allows a blood sample to be analyzed for malaria 
parasites, and also allows measurement of hematicrit 
and platelet counts. The scale can be presented in a 
normal image when a simple lens magnification, such 
as a magnifying glass, is used to view the tube and 
slide; and can also be presented in mirror image when 
compound lens magnification, such as a microscope, is 
used to view the tube and slide. 
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